The phospholipid headgroup and fatty acid compositions of a halotolerant Planococcus sp. (strain A4a) were examined when cells were grown in the presence of high concentrations of a variety of salts. The fatty acid composition of Planococcus sp. strain A4a was altered primarily as a function of the osmolality of the growth medium. The phospholipid headgroup composition was influenced by both the osmolality of the growth medium and the nature of the cation species present. An increase in the cardiolipin/phosphatidylglycerol molar ratio was detected when cells were grown in the presence of high concentrations of monovalent cations.
When halotolerant or nonhalophilic bacteria are grown in media containing high concentrations of NaCl, a variety of responses may be detected. These include (i) an increase in the intracellular concentrations of certain amino acids (12, 20) , K+ (1, 10) , and betaines (11) ; (ii) a decrease in the intracellular concentrations of polyamines (17) ; and (iii) in gram-negative species, a decrease in the concentrations of periplasmic oligosaccharides (7, 14) as well as an altered proportion of outer membrane proteins (21) . In addition to the above adaptive responses, the membrane lipid compositions of halotolerant bacteria have also been shown to be altered when cells are grown in media containing high concentrations of NaCl (3, 6, 8, 9, 13, 18, 19, 22) . Specifically, the relative amount of anionic phospholipid within halotolerant bacteria has been shown to increase when the extracellular NaCl concentration is increased.
Further examination of many of the above adaptive responses has revealed them to be elicited by extracellular solutes other than NaCl (1, 7, 10, 11, 14, 17, 21) . It therefore appears that such responses provide for the general osmotic adaptation of the organism and do not represent specific adaptations to high extracellular NaCl concentrations. The lipid compositions of halotolerant bacteria, however, have not been previously examined as a function of extracellular solutes other than NaCl.
I recently described the effects of high extracellular concentrations of NaCl on the phospholipid and fatty acid compositions of a gram-positive, halotolerant Planococcus sp., strain A4a (13) . When Planococcus sp. strain A4a is grown in a medium containing high concentrations of NaCl, the mole percent content of cardiolipin increases and the mole percent content of phosphatidylethanolamine decreases (13) . In addition, the relative weight percent content of the major fatty acid, Ca15:0, also increases. To further evaluate the significance of these NaCl-dependent alterations, I examined the lipid composition of Planococcus sp. strain A4a when cells were grown in the presence of high concentrations of a variety of salts. I now report that the lipid composition of Planococcus sp. strain A4a is altered in response to both the osmolality of the growth medium and the nature of the cations present.
Cells of Planococcus sp. strain A4a (ATCC 35671) were grown at 20°C in 6.4 liters of 5TYE medium (15) (1.0 M), or CaC12 2H20 (0.46 M). Cells were also grown in 5TYE medium supplemented with either MgSO4 7H20 (1.0 M) or Na2SO4 (0.75 M); however, CaC12 2H20 (a component of STYE medium at a concentration of 0.04 M) was not added to these media, owing to salt precipitation. All growth media were prepared as described previously (15) . Cultures were incubated on a gyratory shaker within a Psychrotherm Incubator (New Brunswick Scientific Co., Inc., Edison, N.J.). Growth was monitored turbidimetrically at 660 nm with a Klett-Summerson colorimeter. The inoculum (5% [vol/vol]) consisted of cells grown for 36 h at room temperature in media of the same salt composition. In media containing 2.0 M NaCl or 1.0 M MgCl2 6H20, however, the inoculum (5% [vol/vol]) consisted of cells grown at room temperature for 60 h and 119 h, respectively, owing to a long initial lag period and slow doubling rate under these growth conditions. Cells were harvested at the early logarithmic, mid-logarithmic, and stationary phases of growth. Phospholipid and fatty acid methyl ester analyses were performed as previously described (13) .
The major fatty acid of Planococcus sp. strain A4a for all conditions of growth was Ca15:0 (Table 1) . The relative weight percent content of Ca15:O increased as the osmolality of the growth medium was increased and did not appear to be significantly influenced by the specific nature of the cations or anions added to the growth medium (Table 1) . Growth in the presence of 0.5 M CaCl2, however, resulted in an increase in the relative weight percent content of this fatty acid that was greater than would be expected from the osmolality of the growth medium alone. The total unsaturated fatty acid content of Planococcus sp. strain A4a generally decreased when the osmolality of the growth medium was increased (Table 1) . These alterations in fatty acid composition were detected at all growth stages examined. The phospholipid headgroup composition of Planococcus sp. strain A4a was found to be significantly influenced by the valence of the extracellular cations present in the growth medium. When cells were grown in a medium containing high concentrations of monovalent cations (e.g., NaCl, KCl, or Na2SO4), the cardiolipin/phosphatidylglycerol molar ratio increased significantly above that of control cells ( c Expressed as the relative weight percent of the total. Cells were grown to the mid-logarithmic stage in 5TYE medium supplemented with the salt indicated. Fatty acids are abbreviated such that the number of carbon atoms precedes the colon and the number of double bonds follows the colon. The symbols "a" and "i" represent the anteiso-branched structure and the iso-branched structure, respectively. creased slightly. The identity of the anionic species did not appear to influence the pattern of phospholipid headgroup alteration. In addition, the alteration in the pattern of phospholipid headgroup composition was detected at all growth stages examined (results not shown).
It appears from these results that the cardiolipin/ phosphatidylglycerol molar ratio of this bacterium is strongly influenced by the relative proportion of extracellular monovalent and divalent cations. To further examine this possibility, cells were grown in a medium containing high concentrations of both monovalent and divalent cations. The NaCl-dependent increase in the cardiolipin/phosphatidylglycerol molar ratio was attenuated significantly when cells were grown in a medium additionally supplemented with 0.2 M MgSO4 (Fig. 1) .
The results of this study indicate that an increase in the cardiolipin content of Planococcus sp. strain A4a may NaCI (M) provide an adaptive advantage for growth in environments characterized by high concentrations of monovalent cations. As previously suggested (13) , an increase in the relative proportion of anionic phospholipid, such as cardiolipin, may serve to provide divalent cations to the membrane environment under such conditions, owing to a significantly higher binding affinity for divalent cations than for monovalent cations (4, 5 
